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FIELD EVALMATIC REPORT (LASER RANGE POLE)

1,0  INTRODUCTION

& field evalvation of tha Laser Rﬂﬁge Pole cguipment was condugted by the
Forast Servige duving tho wmonth of Octcher 1873. ‘.';‘h_e basie plen fox

field @waluatian.éas %o eumpoge the equipment to the actual peoople and
envizcnment for whidh it was intendsd and d@i:amiﬁm through the uwsd of the
eguipment its resulitont effectivity in terme of improved perfozmence.
Ieportant goals werd &g ﬁ'oljloma:

a. Detexming a "feel” for owerall relisbility and :Laentify
any weaknesses in deslign.

b. Determing the effact of a thin,cjlean eir environment. on eqguipment
PRTEDTMBNCE o

g, Idantify hvaan factors improvementis.
d. Zdentify avear in need of desige impzowﬁmm:a

¢, Famllianvize Ieglen Cudapvral Englineers with t¢he upmati
the egquipnont.

f. Demonsteate it to other interested departiments such as the

Dureau of Land Mznagerent, Highway Departrent, Power Coaponiss,

ete. :
Thie Porest Sexvice reprosentative vesponsille for the §ield avalvetion wag
Zeoznic Hostrep, Codesiwal Survever azsighed o this program out of Washington
B.C. Repisting Wim in Colorvado weve T Patterson sad Tom Aensley. Honolay
i8 a comamdenticns angineer frem the Berkeley California Enginscring Depovimont
ef ho Fegost So "via,\; assigned o thio progrom fox theo purpoge of bhoeconing

)

e e 1 Ay ) 5 #1 - %

pooficient In ho tockalor) aspucta of the eguwipment:. Patierson is a high gwads
elesizenie todmiclon oosiguid o 2esiot Denis Sa oho Gocusbraeien and noval
cearaticn of ho cyuipzmnt. Josoph Rivers cubstiluted for Tem Pattornen ln

s copasrty &t the Pemisssse and Flowidn Ficia siton.
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To assict in obtaining thess goals an RCA vepresentabive, kndwﬁe@g@abla in
the @qmipmﬂnt;&@sign, was assigned ¢o woxk with the Porest Sexvice grovp duting
the Pileld Evaluation. The RCA representative was Earl Corey at the Coloredo

and Plorida sites ond Rebert Suyer st the Tennesmee sitae.

2.0 FIEID (RPERATIONS

2.5 Colorado Pield gite

Field Site: Foosevelt Watiewal Porsst, Colorzado
Datom Septeabery 30 - Cotober 13, 1973
Forest Service Permgnnel: Bernie Hostrop

Tom Patierson
Tom Hensley

RCA Personnel:  Barl Coray

The fizet field site lecation wam in the wouwnitains sbowt 50 miles northwast

of Denver colnxaﬂgg &5 o bome bage during. the two vwaeks we uveed the Foothiils
Remada Tnn just west of Denver. It was convenient to the regicnal F.8, office
in Deaver whoze soms of the demonstzations were given. After femcnobracing

and tosting the @quipﬁ@nt neayr the segicnal @Efic@apﬁmna were mode with the
Reglon ﬂa&agtzal»Emginasrg -Clyde Duren, to Loth eveluate and uee the cyulpment
for work in the leogal n&tignal fovagt. There was some thought wiven te Lringisy
the eguipsent to the Black HWills in . Dakoka for bnun&éry Line work but Lt

wag doclded that there was enough o do logallv.

During the Ffrai wesk, doay end nicht tests wvers mede on ronges with known
separation diolaucas e well oz tegts ab altitudes botveen 8 and 12 thousand
rewt. Twp duys wers gpent Jeoing work for the epev im thab aren. They were

TILY imprasecd with fho cgnipmeat ond he “work saving® i aaconpliched. Then thko



lines were run out using the headings determined by the equipment the crew

wag amaved akt the accuracy. [Approx. 2° off tzxue on half mile wanges.)

Some complications im the schedule avese as a result of our having to allot
time to prepars for a nows confarence. hlthough the news conference was
carcellied we did apend time wehing a movie depicting the use of the equipment

on ar actual site in the mounteins.

- The docnnd weok was spant aitaxnately doing bowndary line work im the meuntains
and weiting ﬂéﬁmﬁi@l to be voed for @ news ralease in ﬁashingtnaa On ?ﬁi@ay

of this weelk a group @f‘BLﬁ {Bureau of Land Management) people were invitcd

Lo withess o demonoiration of éhe eguripEont. .The demonxtraticn went Off vory
well and the group was fovorcbly lmpressed. Duxing the following week after T
had left¢ the éit@, the Forest Service representatives assisted the BLA people
by veing the @quipmﬁnﬁ'tn cbtain the heading on one of their more difficult ome
mile Llines. e have since heard that the liné was zun end thae ﬂeviéti@m fean

tree wag loge than twe inches.

SUIRARY

e cgulpmont gorforasd bettor than expacted in the hidh elevadion clcan alr.
Ho zepalrs or adinolwsnts were necessary. All vho witncomed its OPRTavica

were graatly ifmprospod with its uvsefulness.



2.2 Tonnaggae Flold Sige

FPield 8ite: Cherokee National Forest, Teanessde
Datas: Detober 22 - Ogotobar 26, 1993
¥.8. Personnel: Bernie Homtrop

Tom Hemsley
Jog Pivera

RCA Personnel s Robart Guyeyr

Walter Robillaxd the Chief Cadastral Engineser for the Scutlern Region
cocrdinated the fisld work with ¢the local suxveying E@am of Carroll Plexes,
levcy Perkims and Jerzy Wilson.

' C .

The Teanessee oporatlon tested the wse éf tha LRP in low elevation {1800 feot) .
hezy atmosphere, rugged thickly wocdsd towvain. HMost of the bowdary lines

in this region ave haif mile or less in length, but one of thoze we worked

on wae 1.2 miles Long.

A1) the survey bouwndariee wore betwesn FS and private lend in different torroin.
The local team had dons an excsllent preliminary investigation ¢o detemnine the

aultabiliey of caeh eorner for Loser Range Pole usae.

The system completed all the reccmmended boundaries in less Cims than WESD
ellovated go we spont the remaining time comparing nichtiise operation to
daytime opevation om the same range and on & "handg eﬁ“ training seszicn For
the jogal tezm. The Bystem performed flovlessly throughout the weel. Everyeno
vhe cperated the eguipasnt wes elated with it cpd had suggestions foyr ita
appliegtion. While they like the time the system will savo them, it iz the
addog procision thel lnpressed the locsl toam baoause of e atbendant gon-
Lidonee in thely wozk by (he Fozast Serxvies land obwiwra.,  Fhey cay 3¢ is

very ssborpagsing ¢ have to stoke and rospsks Q proporiy lne sovara’ vinws



with the lané owner looking on.

SUMMARY
- There were ne Fepairs oy adjusiments nocesgary on the eguipnent and the wesk’s

test was highly successful. Criticiem of the equipment was =il congtxuctive ond

a

fell in the Ffollewing general categories:

1} To a man, all thoze pzesent, thought Rexn eguipment Sifieult to sot-up
end wse., This essesswent was slightly unfair, T felt, becouse the
Fexn equipment was not being used a3 it was intended and because of
theiy lack of familiarity with Kerm eguipment.,

2) PRCA'z design appreach on this system now seems conservative oo the
users would like ©o see the system mede swaller, lighter and less
expensive.

3) Bs the uwltimate user, the surveyor would like a iafg&r role in crosting
the specifications for the eguipment.,

2,3 Floride Fileld Site

.

Picld Site: Czeeile National Porest, Plorida

Dates; Ooteber 39 = Movesbey 2, 1973

F. 8. Parscmnel: Bernie Hostwop
Tom Hensiey
Tom Fatiterson

RCA Personnel: Barl Corey

The equipment again‘woxk@& flawlegsly throughout the week and the headings for
six miles of Giffizult boundavy lines were deterained and staked. Tnlile
Tenncsses and CDiexaég the Floxidn terrain was vory Flat. The iwesn vare Lall
gtraight hard pinze and presonted ghovt the éam& degres of canopy probloms ag
Colorado. On ong sovssion low slovdis couwpled with a il regaiver apgle of
20° ﬁr;v@mts@ CAE mraeration amoa soe wdle réngao Ve roturned the folioeing Jdoy

end atdll hod ddfFioulty oporating over the cae oile range. Taoe weather wves



exceptionaliy clear and clouvdless, e deeided to rotuwrn iate.in the aftorncon
and coperates at duek when the background was reduced, There was no problem im
operating at dusk, in fact, we hed mudh more signal sivength then wes required.
It ghould also be noted that radic commumication wae maxginal during the day
on that range. The radiec batteries were run Jown and we Giﬁ not have replace-
ments. In the evening when we returrned radio communication was much better

but we alse had fresh batterles. The terrein was flat but heavily treed with

Several visitors frxom the Highway Department and Pover Companios witnessed
the operntion Guring the week. Yo all of thea this method of ancuzately

determining heading secmed ‘wwedistely applicable to their type worlk,

Hony peopls who have seen the range pole in cperation ask 1f there is SRy

way of determining range as well as heading. With the present Bystcw the only
way known g to cbtain 0 haaﬂiﬁg angles froa two points whikh arve eccwraiely
identified by angle and d;atmnn@o This could be dene with a falr degree of
aecurecy with the presenily wsed L second thecdolite and an accurats DEE

(Distence Measuring Equipment) .

SUMMARY

The equipment again opercted throughout the week withcut need for ropols
oz adjustment. Unfortunately much time was spent tzying to locate cozner
markexs. This sheuld noXmally be done in advanee so that the egulpment cen

ba wore efficiontly used while it iz aveiisble.
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3.2

303

. PERTINENT CBEERVATIONS

Equipment worked without need for component replacement or adjustment
throughout the £leld evaluation pericd. This not only providdd am
optinistic feeling for system relisbility but zizo mode poszible a

more extengive qpezéting schedule and move weaningful test resultse.

The equipment operation is not sericusly degraded by high alvituds cloon
aly but daylight operation at a2 half-mile separation can oaly Lo
achieved with a dark background such as trees at slevatlons above

10,000 feet.

Hight operation will swbstantially inevesse venge. The maximum ronge
at night wos mot determined, hcwavarg.t&@ following obgervations were
médﬁa
a) A¢ 9000 fest elevation im Colorxado,night operation allewed
operation of the center indicator up to an elevation anyle of
35° with 1.2 mile ssparation. - Uudex daylight conGitions only
lefv and zight inddoscors operated and then only with a gk

bagkground.

b} In Florids unddy enceprionally clear daylight condilisas with I
wile range ond hlue shy barhground lefi and vight indicavors
opprated 25% of the else - insufficlent For heading Jdoteroinae
tism. & test of the zewse veunge ond saowe clegr condlzion
that night violded captor iuﬂi@amiuzﬂ whih 373 of ‘he rocodivor

aporture biogzed indienting ot lesst a pin or soven wimes incrgase

in signal to nolso.



NOTE «

3.4

3.5

3.6

3.7

Center Indicator operates only if sufficient signal iz present to
oparate both channels when the vertical zeticle line iz splitting
the laser beam.

4

It is important to adjuit the f@ﬂmm of the theodolite to infinity

prior to using it‘ma 2 laser recelver. It would be desiveble teo have

the stop on the focus knob get at infinity in order to zasily identify

this position of the knobk. Out of focus condition Qiil result in a biroader
than normal cznter angle. Sinces the thecdolite iz wwed to sight the

fipst stake after the lasex heading has been detezmined it is very

possible for the focus knob to be laft in a short range focus positien.

To help datermimse the presance of o cancpy provlem with the franmitter,
a priem wes used o simultaneously sight the exit¢ apsriure of the lasse
and the clsarancs overnsed. 4his scheme or an eguivalent should be wade

a part of the sguipmeEnt.

A gmall compass should be included in the Transwmititer beck pack te bo
used as on aid in orienting the broad side of the transwitter Coverd

the Receivar Theodolits.

The zecaiver should have o aun shade ©o keep sunlight out of the optics.
Yn Tennessea we dlgeuvayed | that sun incident upon the receiver chieetive
lens avca profuced some false slarms and raduced syiten sensitivicy.

By ghading tha lens.on one boundary wé worked o within 20° of the



gun over a l.2 mile range with gecd consigtent readings. | On anether
boundary we worked to within 5° ‘of:’. the sun over a 1862 feot ramge with
similer reswlts. Fhe implicstion iz thah forwerd sun scatter is not
as much & problem @3 veiling glard (system sensitivity reductien Swom

golar incidance on the opticsﬁ.,'

3.9 All zgreed that the cptical axis of the laser transmitter should be on
line with the plumb line cemtering axis., In the present couipmont

it iz offse: by sbhout an inch.

3.8 If the radio 3ink gating featurs is to be incorporated in future
aguipzent proviziong mugt be made for a more field worihy cable conmoction

to the radio.

3.10 PBettor provisions foxr cable storage sheuld bz provided im the beaoipagi.
Present arrangement requires Coo umuch bending and will shorten the life

of the cable.

3.11 B "moterboating” sowd from the redie tronseriver weg fiwrme thoughs to b2
dua to enteznally genezfateﬂ intorferonces. . The actual csweo sp-uawo
to be R.¥. coupling from the antevna buck inte the redie thw ugh ¢he
attached coble. Extra shielding or preferably an RF filcer stenid be
2@ded to prevent this phenomcnoi. Loverlng the antonga soﬁ.w;.d the
problemn in the fisld, A more Tuggad mﬂiccmmectoz' should alse be Jdesicnced
into fuzure wpit.

3,32 Dupiny aicht cpovotioms 1t woc A10Ficuls te Jdontily wnich izdicatar
E‘.igh’ﬁ;_ wad cpernting os the Roenivor Thocdelite Foplay pancl cinen oy

aza gll the sors goloz,



3.13

3. 14

3,15

Better identification could be either different colox lights or
illvaineted axzerr heads polnting left or right with a different colow

centar indieator lamo.

A smsll flare gun wag tried at the transmitter loceticn to aid the
Recsiver op@x&tgr in locating the epproximate szimuth heading. This
8id not prove oo uséfﬁl during daytime but cqui& be useful at Ei@ht
under epnditions vhere a low elevation receiver fleld of wiev is
poscible, The range of the flare gun used was only absut 300 feet

vertical.

Under excremsly clear davlicht conditions system cparetion is zowetimas

merginal with a mile separation : To enhance systca opsrabion the wewsiver

. lesation shouvld be chogsn such that the sun is, as smch =0 peselble, o the

rear of the receiver., Algo the higher elevation angle deep blua sy bagk-
g@ownd is better than the lightey bive st low elevation angles. Alwayg
avoid alming at bright sunlit 2louds since they are, by far, the vorst

bachkground conditicn,

The weight of the Recelver Theodolite baekpack {49 ibs.) is difficale ¢o
carzy wp steecp inclines. The Transwitter backpack is much Iiehtor {33 1ba.).
Thiz should alzo be considered when deciding vhich of the twe markers the

racpiver should be aet up on.

_Io-



3.18

3.17

3.8

3.20

The canopy cover is anothew iﬁgortanﬁ consideration. The transmitber
neads only @ small hole in the canppy directly above the marker whersss
the receiver needs o minimmm of a fev degrees az and el at a reasonzble
elevation angle.

Rote:; PForxest Service pexsonnal who carried the Receiver egulpwant in
Colorado did not complzin zbout the weight of the cguipment but
those of use who 4id in Tennessee and Florida who ave not Iln as
good physical condition found it diffleult.

The metal teipod used for the Lager Transmitter is very unstable wvhen

sunlignt is on it. The level bubbles continue o move and adjustment is

alzost continuocus. The wore stable wooden tripod was desived by all the

P.8. purveyors who used it¢.

The we watt BeH radio Transceiver worked better than cxpected wader
cnn mile separation and difficult tervain conditvions however, the P.8. fsols
they would gladly trade the light weight feature of this radic for

atditional power to insuve good cpexation without the need for a repeater.
The recoivaxr battery switch should be marked with ON-CPF positiends.

A tget was wade w determine the zetvel werticality of the lssey boma o
zoferenced to the bubble wial levels. This was chached by obtaining oa

angular headlng with the weoeiver at a 30° elevatien angle znd Tepoating
the measurenent after rotating the transmitter 180° and zeleveling. The

difference in yeadings was 5 szeondz vhich is oply 1.5 inches in a mile.

it wag fownt thet the greabasd zouzee of ootential ecror is in aialing the
heeding. The fuihnr cwcy the Tiosh stake iz placed the lesear sy gweli

erger L apitlal plueb Line aliguwent is meoni€izd.

i1



3.20 {Continuved)

Before wsing the LRP, the original corner magkers should be center
punched (if they are not already}to provide a cood sterting point for the
suryey cvew which will follow to steke the bowndary line. A sirall eyrow

here ¢en be greatly magnified over & one mile line.

3.2.1 Tha backpack feames for hoth the receiver znd transwitter had projections
on top that tended to get caught in brush and tree branches. These NXo-

decticnz ghould be elirminated on futuve models.

[
i

3.2.2 The tranemitter telescope lens cap has Loo many threads enjyaging it te h

ingtruments. Reduce the nurber.



